OBJECTIVE-To examine the patterns and predictors of change in nutritional and hemoglobin status during and after TB treatment.
INTRODUCTION
Tuberculosis (TB) continues to be a major public health problem across the world. It is estimated that 9.4 million people develop active TB and 1.3 million people die from TB every year (1) . TB is the leading cause of death among HIV-positive individuals in sub-Saharan Africa (2) . Patients with TB often suffer from profound malnutrition, and coinfection with HIV may exacerbate the extent of malnutrition (3) (4) (5) (6) . Malnourished status, often measured as body mass index (BMI) < 18.5 kg/m 2 , has been associated with the severity of disease among TB patients (7, 8) . Low BMI status is an independent predictor of mortality among TB patients, especially HIV/TB-co-infected patients (9) (10) (11) . Moreover, patients with poor weight gains during TB treatment are at an increased risk of treatment failure and relapse (12, 13) . Anemia is also a highly common nutritional complication among TB patients and a strong risk factor for mortality (11) . A recent study from India reported that malnutrition and anemia were extremely prevalent among HIV-positive TB patients even after the completion of TB treatment (5) . In spite of the known detrimental effects of malnutrition, few studies have longitudinally examined nutritional status during TB treatment in the context of HIV infection (14, 15) .
The aim of our study was to investigate baseline predictors of change in BMI and hemoglobin concentrations during and after TB treatment in a cohort of HIV-positive and HIV-negative patients with pulmonary TB in Tanzania. The current observational study was conducted among patients participating in a micronutrient supplementation trial. In the trial, micronutrient supplementation significantly reduced the risk of early TB recurrences; however, supplementation showed no overall effects on BMI and hemoglobin status (16) .
METHODS

Study population and procedures
The study population consisted of 887 patients with pulmonary TB who enrolled in a clinical trial that examined the effect of micronutrient supplements on TB treatment outcomes, mortality, morbidity and nutritional status (16) . Participants were recruited from five outpatient TB clinics in Dar es Salaam, Tanzania between April 2000 and April 2005. Eligible participants were men and non-pregnant women aged 18 to 65 years who had at least two positive sputum smears for acid-fast bacilli, had not received TB treatment during the previous year, and intended to stay in Dar es Salaam for 2 years. We excluded any patients with a Karnofsky performance score < 40% or hemoglobin concentration of < 7 g/ dL from the trial. Within strata of HIV status, participants were randomly assigned to receive a daily dose of micronutrients (vitamins A, B-complex, C, and E, and selenium) or placebo. Immediately following enrollment, all patients received 8 months of directly observed, short course (DOTS) anti-TB treatment in accordance with the Tanzania National TB and Leprosy Programme at the time of the study. Patients received a daily combination of rifampicin, isoniazid, pyrazinamide, and ethambutol at the health facility under direct observation of a health worker for the first 2 months. In the subsequent 6 months, patients self-administered isoniazid and ethambutol at home. Antiretroviral therapy was not available at the time of the study.
At the baseline visit, trained research nurses obtained information about demographic and socioeconomic characteristics. Study physicians performed a complete physical examination and, in HIV-positive patients, assessed the stage of HIV disease based on the World Health Organization (WHO) staging system (17) . Trained nurses obtained anthropometric measurements at the baseline visit and during monthly visits. Height was measured to the nearest 0.1 cm (Seca Bodymeter 206 stadiometers) and weight was measured to the nearest 100 g (Seca 700 balance beam scales). BMI (kg/m 2 ) was calculated as body weight divided by height squared. Blood specimens for hemoglobin measurements were obtained at baseline and follow-up visits at approximately 2, 8, 14, and 20 months.
All participants provided written informed consent. The study protocol was approved by the Institutional Review Boards at the Muhimbili University of Health and Allied Sciences, the Tanzanian National AIDS Control Program, and the Harvard School of Public Health.
Laboratory methods
HIV-1 infection was determined by two sequential ELISAs (Wellcozyme, Murex Biotech Ltd, Dartford, UK and Enzygnost anti-HIV1+2 Behring Marburg, Germany), and discrepant results were resolved by a Western blot test (Genetic Systems, Redmond, WA, USA). We measured CD4 T-lymphocyte cell counts using either the FACScount or FACSCAN systems (Becton-Dickinson, San Jose, CA, USA) and plasma viral load using the Amplicor HIV-1 monitor test version 1.5 assay (Roche Diagnostics Corp., Indianapolis, IN, USA).
Statistical analysis
We used linear regression models to examine the associations between baseline predictors and the average changes in BMI and hemoglobin concentrations from baseline to 8 months and from baseline to 14 months (18) . A robust empirical variance structure was employed to overcome deviations from normality. Baseline predictors of interest were sociodemographic characteristics including sex, age, marital status, education, number of household assets (from a list that included sofa, television, radio, refrigerator, and fan), money spent on food per person per day, and frequency of purchasing meat including red meat, fish, or poultry. Predictors of interest also included clinical and laboratory measures, namely Karnofsky performance score, previous diagnosis with TB, the number of Mycobacterium tuberculosis bacilli per sputum smear field, and CD4 cell counts. Viral load and HIV clinical disease stage were also examined among HIV-positive patients. Multivariate regression models were built to estimate the adjusted difference in change in nutritional status. We analyzed separately by HIV status, because of differences in immunological profiles and possibly differential associations between baseline predictors and change in nutritional status. Predictors with p < 0.20 in univariate analyses were considered as candidates for the multivariate model, and predictors with p < 0.05 along with age, sex, treatment assignment, and other relevant factors were retained in the final multivariate model. We also examined change in BMI or hemoglobin status by baseline nutritional status in the univariate analysis (18) . Malnutrition was defined as BMI < 18.5 kg/m 2 . Anemia was defined as hemoglobin < 13.0 g/dL for men and < 12.0 g/dL for women based on the WHO criteria (19) . Severe anemia was defined as < 8.5 g/dL. We visually examined changes in BMI and hemoglobin levels by HIV status by fitting a restricted cubic splines model which provides flexible smooth curves (20) . All statistical analyses were conducted using SAS version 9.1 (SAS Institute, Cary, NC, USA).
RESULTS
Of 887 patients with pulmonary TB, 471 were HIV-positive and 416 were HIV-negative ( Table 1 ). The majority of participants were men (58% of HIV-positive and 76% of HIV-negative patients). The average age was 32 years (SD = 9) at baseline. About 40% of HIVpositive and 47% of HIV-negative TB patients were malnourished (BMI < 18.5 kg/m 2 ) at the time of diagnosis. Almost all patients were anemic (94% of HIV-positive and 84% of HIV-negative patients). Most patients reported experiencing weight loss (81%), chronic cough (88%), and fever (63%). Among HIV-positive patients, 37% had CD4 counts < 200 cells/mm 3 and 9% were in WHO HIV clinical disease stage 4. The number of patients with measurements at 8 and 14 months was 642 (72%) and 492 (55%) for anthropometry, and 537 (61%) and 427 (48%) for hemoglobin measurements.
Among all participants, mean BMI gradually increased until around 6 months during TB treatment, and these gains persisted beyond treatment ( Figure 1 ). On average, BMI increased by 2.0 kg/m 2 among HIV-positive patients from baseline to 8 months, and by 2.7 kg/m 2 among HIV-negative TB patients. At the end of treatment, 19% of HIV-positive patients and 12% of HIV-negative patients still had BMI < 18.5 kg/m 2 . During treatment, HIV-negative patients gained an average of 7.4 kg and HIV-positive patients gained an average of 5.3 kg. Among HIV-positive patients, older age, low CD4 cell counts, and high viral load were significantly associated with a smaller increase in BMI from baseline to 8 months in the multivariate model (Table 2 ). In univariate analysis, HIV-positive patients with BMI <18.5 kg/m 2 at baseline tended to show a greater increase in BMI from over the 8 month treatment period, compared those who had BMI ≥18.5 kg/m 2 (crude difference = 0.4 kg/m 2 , 95% CI = −0.1, 0.8; p = 0.06). Socioeconomic status and indicators of TB severity were not associated with the change in BMI during and after TB treatment among HIV-positive patients. Among HIV-negative patients, low Karnofsky performance score (< 70%) was significantly associated with greater increase in BMI from baseline to 8 months. However, all other variables were not associated with change in BMI (Table 3 ).
Both HIV-positive and HIV-negative patients showed a rapid rise in hemoglobin levels from baseline to 8 months (increase by 1.7 g/dL vs. 2.3 g/dL, respectively; Figure 2 ). However, 71% of HIV-positive patients and 31% of HIV-negative patients still remained anemic at the end of 8 month treatment. Among HIV-positive patients, female sex, older age, low CD4 cell counts, advanced HIV clinical stage, previous TB infection, and less money spent on food per person were significantly associated with a smaller increase in hemoglobin from baseline to 8 months in the multivariate model (Table 4 ). HIV-positive patients with severe anemia (< 8.5 g/dL) at baseline showed a larger increase in hemoglobin than HIV-positive patients who had hemoglobin ≥ 8.5 g/dL (crude difference = 2.0 g/dL, 95% CI = 1.4, 2.5; p < 0.001). Among HIV-negative patients, female sex was the only variable associated with smaller increases in hemoglobin concentrations during and after TB treatment ( Table 5 ).
DISCUSSION
In a cohort of patients with pulmonary TB in Tanzania, about half of patients were malnourished and almost all patients were anemic at the time of diagnosis. Both HIVpositive and HIV-negative patients experienced increases in BMI and hemoglobin concentrations during TB treatment. However, low CD4 cell counts among HIV-positive patients were associated with smaller increases in BMI and hemoglobin levels during TB treatment.
Malnutrition is common among TB patients, with prevalence estimates ranging from 21% in Peru (BMI < 18.5 kg/m 2 ) to 61% in Malawi and 62% in Uganda (BMI < 19.0 in Malawi and Uganda) (7, 13, 21) . Most TB patients experience substantial weight gain during TB treatment (22, 23) . Reported average weight gain during TB treatment include 4.9 kg in Indonesia, 5.7 kg in Guinea-Bissau, and 6.9 kg in Tanzania (22) (23) (24) . It is noteworthy that patients in our study continued to have low BMI status even after the completion of treatment. Full recovery in nutritional status may take more time beyond the completion of treatment. Weight gain during treatment may be mostly due to accumulated fat mass, and patients may fail to restore body protein by the end of treatment (25) . Understanding the body composition of TB patients is important and it needs to be examined in future research (26, 27).
In our study, HIV-positive patients with CD4 counts <200 cells/mm 3 showed suboptimal improvements in BMI and hemoglobin levels during TB treatment. Anorexia may lead to poor nutritional status by reducing energy intake. Poor nutritional recovery may be also due to delayed clearance of mycobacterial infection, other co-existing opportunistic infections, and excess production of TNF-α, which may alter metabolism and impair weight gain. Proinflammatory cytokines play an important role in the intracellular killing of mycobacteria; however, excessive production leads to tissue damage and weight loss (28). Anemia is a highly common hematologic complication among TB patients and is a strong risk factor for mortality (11) . Almost all patients were anemic at the time of diagnosis. Previous studies in sub-Saharan Africa also found a high prevalence of anemia; 88% of HIV-positive and 77% of HIV-negative TB patients were anemic in Malawi (21, 31) . We found that the majority of HIV-positive patients remained anemic even after treatment. HIVassociated anemia has been found to be associated with poor quality of life, HIV disease progression, and mortality (32). Anemia in TB may largely be due to chronic inflammation. Studies showed that a decline in the serum concentrations of C-reactive protein, the acute phase reactants, coincided with the increase in hemoglobin concentration during treatment (22, 33) . Excessive production of pro-inflammatory cytokines, such as IL-6, TNF-α and IFN-γ, contributes to anemia through reduced production of erythropoietin, suppressed response of bone marrow to erythropoietin, and altered iron metabolism, which may in turn impair erythropoiesis (34). Poor quality diet could also account for anemia, and in fact, we observed that patients who spent less money on food had poorer recovery of hemoglobin levels. Women showed a smaller average increase in hemoglobin which may be due to menstrual blood loss and poor quality diet.
Patients with low socioeconomic status may have insufficient dietary intakes and poor quality diets, and may be vulnerable to food insecurity; however, measures of socioeconomic status and frequency of meat purchase were not associated with change in nutritional status in our study. A recent review concluded that there is insufficient evidence to suggest whether incorporating nutritional supplements during TB treatment may improve clinical outcomes (35). However, micronutrient supplements reduced the risk of early recurrence in our study population and the role of nutritional support merits further research (16) .
Our study has limitations worth noting. One limitation is that HIV-positive patients were not receiving antiretroviral therapy concurrently with TB treatment. Our findings need to be confirmed under concomitant treatment with antiretroviral therapy. Our study did not examine body composition and further research is needed to fully understand the extent of nutritional recovery. Our analysis did not include patients who died before 8 or 14 months or patients without measurements. Because these patients may have poor nutritional status, excluding them from the analysis may have attenuated the associations between some of the baseline predictors and change in BMI or hemoglobin. Nevertheless, relatively small proportion of patients (7.6% of HIV-positive and 0.7% of HIV-negative) died during the first 8 months of TB treatment in the study. Our study may have limited generalizability because the study excluded patients with hemoglobin <7.0 g/dL and Karnofsky score <40%, and included only sputum-smear positive pulmonary TB patients. Another limitation may be that participants received previous 8 months TB regimen. The National TB Programme in Tanzania recently changed the TB treatment regimen from an 8 months regimen to a 6 months regimen which includes 6 months of rifampicin.
In conclusion, both HIV-positive and HIV-negative patients experienced increases in BMI and hemoglobin concentrations during TB treatment. Because the majority of patients have already lost substantial weight by the time they present to a clinic, early and intensified identification of TB cases and treatment is essential. As malnutrition continues to place a tremendous burden in resource limited countries, research is needed to examine the benefits of incorporating nutritional supplements or food packages. Nutritional support may be essential in combination with initiation of antiretroviral therapy for HIV-positive TB patients. Change in BMI by HIV status from TB treatment initiation. The curves were adjusted for age, sex, and CD4 cell counts. The average increase in BMI from baseline to 8 months was lower among HIV-positive patients than among HIV-negative patients (adjusted difference = −0.5 kg/m 2 ; 95% CI = −0.8, −0.2 kg/m 2 ; p = 0.004).
Figure 2.
Change in hemoglobin concentrations by HIV status from TB treatment initiation. The curves were adjusted for age, sex, and CD4 cell counts. HIV infection was not associated with a change in hemoglobin concentration from baseline to 8 months (adjusted difference = −0.1 g/dL; 95% CI = −0.5, 0.2 g/dL; p = 0.44). Baseline predictors of change in BMI (kg/m 2 ) among HIV-positive TB patients from initiation to end of TB treatment (8 months) and post-treatment (14 months after baseline). Baseline predictors of change in hemoglobin levels (g/dL) among HIV-positive TB patients from initiation to end of TB treatment (8 months) and posttreatment (14 months after baseline). Baseline predictors of change in hemoglobin levels (g/dL) among HIV-negative TB patients from initiation to end of TB treatment (8 months) and posttreatment (14 months after baseline). 
